Background: This study evaluates the presence of R132H mutation in isocitrate dehy-
| INTRODUCTION
Primary brain tumors account for 85%-90% of all primary central nervous system tumors (Mehta, Vogelbaum, Chang, & Patel, 2011) , with an estimate prevalence and mortality of 1.8% and 2.3% of all cancers respectively (Ferlay et al., 2015) . The most frequent brain tumors are gliomas, which represent 50% of Central Nervous System tumors.
According to the World Health Organization classification, there are three types of gliomas: astrocytomas, oligodendrogliomas (ODGs) and ependymomas. There are four grades of astrocytomas (I to IV) based on nuclear atypia, mitosis, vascularization and necrosis. ODGs and ependymomas are classified in two grades: low grade and anaplastic (Ducray et al., 2011) . These tumors are classified as primary brain tumors, when there is no prior low-grade tumor and secondary brain tumors, when they evolve from a glioma of a lower histological grade.
Two major characteristics of gliomas are the tendency to progression to more malignant variants and the invasion of deep brain structures.
Glioblastoma multiform (GBM), classified as a grade IV astrocytoma, is the most malignant and common brain tumor in adults, representing 50% of all gliomas. Median overall survival of gliomas is 13.9 months, with 2 years survival of 22.5% and 5 year survival of 5.3% (Brennan et al., 2013) . The median survival rate for patients with GMBs is 12.1-14.6 months, although 2-5% of patients are long-term survivors (more than 3 years; Bleeker, Molenaar, & Leenstra, 2012; Polivka et al., 2014) . For lower grades, the survival rate is between 4 and 15 years.
Malignant meningiomas have a 5 years survival of 65% (Ostrom et al., 2014) .
Neovasculogenesis and metabolic alterations drive the growth
and self-renewal of gliomas, thus leading to tumor progression due to the lack of control of tumor cells. Over the last years, genetic studies have been promoted over the last years and new molecular markers have appeared offering useful information in diagnosis, prognosis and target therapies for individual patients. The management of the intracellular oxidative damage is an important mechanism for cells survival which is regulated through the production of cytoplasmic nicotinamide adenine dinucleotide (NADPH). Low levels of NADPH result in a reduction of glutathione (GSH) that is the most abundant intracellular antioxidant involved in the protection of cells (Shi et al., 2015) . The Isocitrate Dehydrogenase-1 protein (IDH1) plays a significant role in this process. IDH1 mutated cells present decreased levels of NADPH and GSH compared to wildtype IDH1 and control cells (Shi et al., 2015) . IDH1 gene is located on 2q33.3, and encodes a cytosolic NADPH -IDH1-dependent enzyme (Thota et al., 2012) . The IDH1 enzyme catalyzes the oxidative decarboxylation of isocitrate, producing alpha-ketoglutarate (α-KG), reducing NADP+ to NADPH. NADPH is essential for regenerating reduced GSH, which is important in protecting cells against oxidative stress (Ducray et al., 2011) . Mutated enzyme IDH1 catalyzes the reduction in α-KG to NADP-dependent R2-hydroxyglutarate (R2-HG), which causes a reduction in GSH and in prolyl oxidases levels and promotes the accumulation of hypoxia inducible factor (HIF-1α; Ducray et al., 2011; Parsons et al., 2008; Thota et al., 2012) . Parsons et al. (2008) first described the relation between IDH1 gene mutation in 12% young patients harboring GBM and improved clinical prognosis. Most of IDH1 mutations in glioma tumors are heterozygous point mutations in codon 132. Among these, more than 90% affect the amino acid arginine at position 132, converting it to histidine (R132H; Lewandowska et al., 2014; Thota et al., 2012) .
IDH1
R132H mutation overexpression has been shown to decrease cell proliferation (Parsons et al., 2008) . Several studies show the presence of the IDH1 R132H mutation in 70-90% of secondary GBMs and 10%
primary GBMs, both cases associated with young patients and a higher overall survival rate (Bleeker et al., 2012; Carrillo et al., 2012; Mellai et al., 2011; Weller et al., 2009 ). The median survival of patients with IDH1 mutation is 3.8 years compared with 1.1 years in patients with wild-type IDH1 (Parsons et al., 2008) .
Angiogenesis contributes to the development, growth and progression of solid tumors (Yancopoulos et al., 2000) . The vascular endothelial growth factor (VEGF) is one of the most potent endothelial cell mitogens and plays an important role in angiogenesis (Roy, Bhardawaj, & Ylä-Herttuala, 2006) . The VEGF gene is located on chromosome 6p21.3 and more than 30 single-nucleotide polymorphisms (SNPs) have been identified in this gene (Ku et al., 2005; Lin, Wu, Tsai, Chen, & Chen, 2003; Vincenti, Cassano, Rocchi, & Persico, 1996; Watson, Webb, Bottomley, & Brenchley, 2000) . The VEGF +936 C/T polymorphism (rs3025039), is a common SNP located in the 3' untranslated region, and C allele is associated with substantially increased serum VEGF levels when compared to the variant T allele (Krippl et al., 2003; Li et al., 2011; Renner, Kotschan, Hoffmann, Obermayer-Pietsch, & Pilger, 2000; Watson et al., 2000) .
Few studies analyzing VEFG on brain tumors have been carried out, although today it is believed that the +936 C/T polymorphism is associated with low-grade gliomas, being thus a risk factor for progression (Quon et al., 2010) . Some studies, however, rule out that this could have an impact on the prognosis of GBMs (Sjöström et al., 2011) .
In the present study we assess the frequency of IDH1 R132H mutation and VEGF +936 C/T polymorphism in a Spanish population carrying brain tumors, their association with clinical variables, overall survival (OS) and progression free survival (PFS).
| MATERIAL AND METHODS

| Study subjects
The study cohort comprised 80 patients with brain tumors whom Patients were divided into two groups whether the tumor was classified as primary or secondary depending on the original histology of the tumor and the evolution to a higher grade glioma in the case of secondary tumors. PCR products were digested in a final volume of 20 μl during 2 hr at 50°C; digestion products were subject to electrophoresis using an 8% polyacrylamide gel. Chi-square tests were conducted to examine whether the genotype frequency of VEGF +936C/T was in Hardy-Weinberg equilibrium (HWE).
| Genotyping of VEGF gene polymorphisms
| Statistical method
Kaplan-Meier curves were obtained to determine and compare OS and PFS among the groups using Breslow's exact test. The hazard ratio (HR) was given with a 95% confidence interval (CI 95%).
| RESULTS
| Sample description
The study cohort comprised 80 patients, 73 primary and 7 secondary tumors. The median patient age was 56.5 years old (range 54-65 years). Most of the patients were females, 65% while 35%
were males. The clinicopathological variables of patients classified on primary or secondary tumor are summarized in Table 1 .
To assess the degree of the resection, a cranial MRI was carried out in 50 patients (62.5%) within the first two days after surgery. It was verified that the resection was complete in 21 patients (42%), and subtotal in 29 cases (58%).
Median time between symptom onset and diagnosis was 15 days, which varied from the incidental finding up to 60 days. Most patients had a pre-operative KPS over 70 (77.5%), and in 76.6% of the cases (59 patients) a KPS of over 70 was maintained immediately after treatment (postoperative or post radiochemotherapy). In three patients KPS after treatment could not be assessed. Post-treatment KPS >70
value was related to primary tumor cohort, thus 94.9% of patients harboring a value over 70 were part of this population (p = .027).
Taking account of location, 71 tumors (88.8%) were supratentorial and 7 (8.7%) infratentorial. Two tumors (2.5%) had supra and infraten- (Table 2) . We observed statistically significant relation between WHO grade and primary and secondary groups (p < .001). All low grades were found among primary tumor cohort (Table 1) .
The median follow-up period was 15 months (463 days; range 5-58 months) and survival analyses were referred to this median follow-up period. In our patients population the OS at 15 months was 70% (95% CI = 58-80) with 2 years survival of 61.6% and 5 year sur- 
| IDH1 mutation analysis
IDH1 R132H mutation was found in 12 patients (15%). It was not possible
to analyze the mutation in one case of meningioma due to insufficient tissue sample. In all cases, R132H mutation appeared in heterozygosity. IDH1 R132H mutation was more frequent in ODGs (100%) than in astrocytic tumors (25%) and in secondary GBMs (50%) over primary GBMs (3%) ( primary and secondary tumors, R132H mutation was significantly related to secondary tumors, 71.4% of them presented this alteration, in contrast to 9.7% of primary tumors (p < .001) ( Table 4 ).
In univariate analysis of OS, clinically significant differences were found in OS according to the IDH1 R132H mutation in primary tumors, the survival after 15 months in patients showing R132H mutation was 100% and 66% in the patients without this mutation (p = .059) ( of them had secondary tumors, but no significant differences were found between the presence or absence of IDH1 mutation and OS in secondary tumors.
In the PFS analysis, none of the patients harboring IDH1 R132H mutation progressed and 57% of patients without it progressed at 15 months. Significant influence in the PFS was detected for primary tumors in relation to this mutation (p = .025) (Figure 1b ).
| VEGF +936 C/T polymorphism analysis
The genotypic distribution of VEGF polymorphism in primary tumors did not confirm the HWE (χ 2 = 4.19, p = .04) but secondary tumor samples were in accordance with HWE (χ 2 = 0.04, p = .83).
The VEGF +936 T allele was found in the peripheral blood of 16 patients (20%), most of them were primary tumors. The genotype distribution of the VEGF SNP and its relation with clinicopathological variables are shown in Table 6 . All patients with TT genotype were WHO low grades (p = .535) and +936 CC genotype was statistically most frequent in supratentorial location of secondary tumors (p < .001). There were no association between +936 C/T SNP and the other clinical variables.
None of secondary brain tumors presented TT genotype, and only one patient with secondary tumor showed CT genotype. No statistical relation was found in genotypes distribution between primary or secondary tumors (p = .840) ( Table 7 ).
In the univariate analysis no significant differences in OS were detected for VEGF genotypes. The survival after 15 months in patients
showing CC, CT and TT genotypes was 69%, 68% and 66% respectively (p = .627). No significant differences were found between the three genotypes of VEGF +936 SNP and OS when stratified according to primary or secondary tumor (Table 5 ). Allele T presence showed a HR = 0.69 (95% CI = 0.30-1.57; p = .377).
In the PFS analysis, no significant differences were found between the three genotypes of VEGF +936 SNP in primary tumors (p = .275). A total of 55%, 44% and 34% of patients with CC, CT and TT genotypes, respectively, progressed at 15 months (data not shown).
| DISCUSSION
Here we report the genetic variables in a Spanish cohort of patients with brain tumors, which presents a distribution of gliomas similar to other studies previously published in other countries (Lewandowska et al., 2014; Mellai et al., 2011; Reuss et al., 2015; Thota et al., 2012) with the exception of the low number of WHO grade III tumors available on this study. From a clinical point of view, there were two clinical parameters that showed differences between primary and secondary cohorts, both related to the better outcome of primary tumors. All low grade gliomas were primary gliomas, whereas in the secondary cohort only higher grades were observed. Moreover post-treatment KPS > 70 was related to the primary cohort due to the presence of these I and II grade tumors (Table 1) .
| IDH1 mutation
We first determined IDH1 R132H mutation in glioma tumor tissue due to it is the most common missense mutation in IDH1 gene. Thus, this gene is strongly involved in the biology of gliomagenesis (Ducray et al., 2011; Takano et al., 2012) . The IDH1 gene may be the key in the pathogenic processes associated with the R132H mutation and those caused by the accumulation of R2-HG (Ducray et al., 2011; Mellai et al., 2011; Parsons et al., 2008; Thota et al., 2012; Weller et al., 2009 ). This accumulation produces a high intracellular metabolic stress, so cells need to get adapted to this condition to facilitate survival and tumor progression (Van Lith et al., 2014) . Previous studies reported a 22-70% of IDH1 R132H mutation frequency (Ducray et al., 2011; Lewandowska et al., 2014; Mellai et al., 2011; Reuss et al., 2015; Thota et al., 2012) . In our study, the frequency of this mutation is lower, 15%; these differences might be due to the presence of a smaller number of patients in WHO grade III primary gliomas and grade IV secondary gliomas. However, R132H mutation distribution is in accordance with previous studies. Mutation has not been described in WHO grade I astrocytoma but appears in of heterozygote patients belong to this group, and IDH1 R132H mutation is related to this stage (Table 3) . This finding agrees with the hypothesis of a role of IDH1 mutation in the early steps of oncogenesis (Juratli et al., 2012; Lewandowska et al., 2014; Thota et al., 2012; Weller, Wick, & von Deimling, 2011) .
Within the histological subtypes of GBMs, mutations in IDH1 are more common in secondary GBMs, fewer than 10% of primary cases and 70-80% of secondary GBMs harbored IDH1 mutations (Bleeker et al., 2012; Polivka et al., 2014; Takano et al., 2012; Thota et al., 2012) as well as in younger patients (Birner, Toumangelova-Uzeir, Natchev, & Guentchev, 2011; Ducray et al., 2011; Hartmann et al., 2010; Juratli et al., 2012; Mellai et al., 2011) . Our results are coherent with these data, 50% of secondary GBMs, and only 2.9% of primary GMBs carried IDH1 R132H mutation, however we do not find a significant relationship between mutation and younger patients (Table 3) , showing a mean age of 52.6 years old in patients with IDH1 mutated and 51.8 years old in patients harboring the wild-type allele. Glioblastoma is the most fatal primary brain cancer (Bleeker et al., 2012) , and IDH1 mutations are frequent in the progressive pathway to secondary GBM (Thota et al., 2012) . It is supposed that primary mutated GBMs, are, actually, secondary GBMs with no histological or radiological evidence in the evolution from a less malignant glioma (Bleeker et al., 2012; Hartmann et al., 2010) . Several authors suggested that the mutation of IDH1 could occur in early stages of the glioma formation and could lead to tumor progression towards GBM (Juratli et al., 2012; Lewandowska et al., 2014; Thota et al., 2012; Weller et al., 2011) . More than 50% of the total NADPH production in glioblastoma patients is provided by IDH activity and this level is reduced after the occurrence of IDH1 R132H mutation (Shi et al., 2015) which results in a depletion of intracellular GSH (Ducray et al., 2011; Parsons et al., 2008; Thota et al., 2012) , permits a slow tumor growth and a better outcome (Lewandowska et al., 2014; Shi et al., 2015) .
In an adult population, regarding to location, most gliomas are supratentorial and only 5% or less of diffuse gliomas appear infratentorially (Rineer, Schreiber, Choi, & Rotman, 2010) . In this cohort, almost 90% of tumors were located on the supratentorial region and all IDH mutations appeared in this compartment. Moreover, IDH1 R132H mutation is related to this location in secondary tumors (Tables 1 and 3 ).
This event could suggest that adult infratentorial gliomas arise through a tumorigenic pathway distinct from supratentorial gliomas (Miwa et al., 2009; Sano et al., 2013) , and even they could be two different histological entities (Miwa et al., 2009) Regarding the survival analysis, previous studies demonstrated the prognostic significance of IDH1 mutations (Arita et al., 2015; Brennan et al., 2013; Ducray et al., 2011; Hartmann et al., 2010; Killela et al., 2014; Lewandowska et al., 2014; Mellai et al., 2011; Olar et Some authors observed that OS and PFS in IDH mutated cases were about twice longer than in wild-type patients (Arita et al., 2015; Polivka et al., 2014) , and others showed that mutation in IDH1 was an independent factor for a favorable prognosis (Brennan et al., 2013; Ducray et al., 2011; Polivka et al., 2014; Sanson et al., 2009; Shibahara et al., 2011) .
However, this hypothesis was rejected by other groups taking into account other factors such as surgery and radiotherapy-chemotherapy treatments when evaluating the survival of these patients (Ichimura et al., 2009; Rineer et al., 2010; Thota et al., 2012) . In this Spanish population, patients with primary tumors harboring R132H mutation had a relative but not significant reduction in death risk of 65% compared with the wild-type patients, and none of these IDH1 R132H heterozygote patients progressed, conferring this alteration with a significant PFS advantage. The overall survival curve for IDH1 displayed a trend toward greater survival in the group with the IDH1 mutation, although the sample size is not sufficient for a statistically significant difference.
The 0.35 HR value supports that the presence of the mutation acts as a protecting factor against mortality. In secondary tumors, this effect in survival has not been observed due to the smaller size of this cohort and few cases of secondary GBMs (Table 5 and Figure 1a) . The last meta-analysis published of 55 observational studies and 9487 patients with gliomas showed a significant OS and PFS advantage for patients with IDH1/2 mutations over those without them (Xia et al., 2015) . This study observed a risk reduction of death of 61%, consistent with our results, and a statistically significant HR due to the large number of individual studies analyzed. These data seems to indicate that biology of wild-type IDH1 and mutated IDH1 R132H is different. When IDH1 gene is mutated, the α-KG is not generated, and the α-KG-dependent dioxygenases are inactive. These dioxygenases are thought to be involved in epigenetic control, suggesting that mutations in IDH1 can affect a large number of genes (Watanabe, Nobusawa, Kleihues, & Ohgaki, 2009; Zhao et al., 2009) . IDH1 mutations are likely to be a direct cancer driver in early stage of gliomagenesis promoting extensive alteration of the epigenetic pattern (Turcan et al., 2012; Watanabe et al., 2009 ).
| VEGF +936 C/T polymorphism
The VEGF +936 C/T polymorphism was the second genetic parameter analyzed in this study. This SNP had been analyzed in several tumors:
ovarian (Rinck-Junior et al., 2015) , breast (Jakubowska et al., 2008; Krippl et al., 2003; Rodrigues et al., 2012) , lung (Lee et al., 2005) , and also in brain tumors (Jiang, Lian, Xie, Li, & Wang, 2013; Li et al., 2011; Sjöström et al., 2011) . VEGF is a key factor in angiogenesis, in progression of malignant tumors, increase in vascular permeability and hypercoagulability. It develops its effect through the VEGFR2 receptor, which plays an essential role in the development, prognosis and response to adjuvant therapy of the GBM (Ku et al., 2005) . Several studies associate brain tumors with high VEGF2 expression. Quon et al. (2010) established this relation with ODG, especially with anaplastic grade, where the presence of this alteration conferred a greater risk for tumor progression and poor prognosis. In ependymomas, the association was also demonstrated by Korshunov, Golanov, and Timirgaz (2000) . Inhibition of VEGF activity is able to reduce angiogenesis and tumor growth (Jiang et al., 2013) . VEGF +936 C/T polymorphism correlated with lower levels of the protein, but the mechanism by which this SNP causes the decreased VEGF plasma levels is not established.
The presence of T allele has been related with the loss of a potential binding site for activator protein 4 (AP-4). This may be the mechanism of variant allele for the inhibition of VEGF transcription, and explain the lower risk of T carriers in developing cancer (Renner et al., 2000) . Li et al., 2011) . In our study, T allele appears more frequently in pilocytic astrocytomas and oligodendroglial tumors, followed by meningiomas, ependymomas and anaplastic astrocytomas in frequency (Table 2) . Homozygote variant carriers only appeared in early stages, but we did not find significant relationship between genotype distribution and tumor WHO stage in primary tumors (Tables 6 and 7) . The association of VEGF increased expression with advanced stages can be explained by its role in promoting endothelial proliferation, migration and organization into functional vessels (Hicklin & Ellis, 2005) .
Several studies in Chinese populations showed TT genotypes associated to glioma patients when compared to control subjects (Jiang et al., 2013; Li et al., 2011) , and this genotype was also related to glioma grade IV and GBMs in a Han Chinese cohort (Jiang et al., 2013) . Given that frequencies of a single polymorphism are quite different between ethnic populations, the effect of this SNP on cancer susceptibility could vary. Yang et al. (2011) performed subgroup analysis for Caucasian and Asian studies and could not show association between the T allele and breast cancer risk. However, Rodrigues et al. (2012) found a protective association between T allele carriers and breast cancer in a Spanish population. Other works have reported a significantly protective effect of the CT/TT genotypes on breast cancer (Jakubowska et al., 2008; Krippl et al., 2003) and ovarian tumors (Rinck-Junior et al., 2015) in Caucasian populations. Sjöström et al. (2011) focused their study on GBMs, concluding that the polymorphic variations of VEGF didn't impact on the prognosis of these tumors, compared to the variations in VEGFR2, its receptor. Our data are consistent with this investigation, since no statistically difference for survival in association with the SNP was found, although the unique secondary tumor that presents T allele remains alive at 15 months while CC secondary tumors presented an OS of 71% (Table 5) . In primary tumors, CC patients had a lower but no statistically significant PFS, suggesting that a longer clinical follow up of these CT and TT patients, could show a better outcome in this subgroup due to a lower VEGF levels. This hypothesis is consistent with the protective association between the +936 T carriers and cancer showed by Krippl et al. (2003) , and with the theory of Quon et al. (2010) suggesting that VEGF high expression constitutes an early marker for identifying a group at high risk for tumor progression. Higher levels of VEGF, related to CC genotype, could promote stimulation of the angiogenesis helping the tumor to become more aggressive (Yang et al., 2011) .
| CONCLUSIONS
IDH1
R132H mutation is related to WHO grade II in primary brain tumors and shows high frequency in ODGs and in secondary GBMs.
R132H mutation has been associated with the prognosis of patients with primary brain tumors; mutation carriers showed better PFS and a tendency towards a higher survival has also been observed. These are promising results and should be confirmed on larger cohorts of primary tumors.
The VEGF +936 C/T polymorphism is more common in oligodendroglial tumors but it is not related to any clinical variable of tumor.
There was no relation between the presence of this polymorphism, the risk of tumoral progression and survival.
| LIMITATIONS
Main limitation of this study depends on the heterogeneous series of brain tumors that we have considered. Another limitation is related to the small number of cases in comparison with the number of tumor types taken into account. Both of them can explain why no clear-cut results come out from our paper.
